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SECTION I
INTRODUCTION AND SUMMARY

The VELA Seismological Center, upon request from the Advanced Research
Projects Agency of the Department of Defense, participated in Project MIL-
ROW, an underground nuclear explosion {~ 1000 kt) triggered on 2 October

1969 at 2206Z on Amchitka Island in the Aleutian Chain. Texas Instruments
Incorporated was selected to install, operate, and analyze data from a ret-
work of Ocean-Bottom Seismograph (OBS) units deployed in waters surrounding
Amchitka Island for approximately a -3-week period. The objectives of this
program were to record aftershock activity possibly associated with MILROW
and to improve epicenter iocations of such seismic activity which might occur

in the recording period 25 September to 16 October 1669.

An OBS unit-deployment pactern was designed to supplement the geographic
coverage provided by a land network of seismic instruments established by
the U.S. Coast and Geodetic Survey on Amchitka and outlying islands. Pre-
vious signal and noise measurements in the vicinityl’ . using OBS units sug-
gested that, for probable MILROW-induced events, tl.e detection range would
deteriorate rapidly beyond about 50 km. It was decided that 10 OBS units .

would provide the supplementa’ coverage desired.

Equipment preparation and ship selection were initiated immediately after
receipt of a firm commitment that the OBS operation was to be conducted.
From 15 to 31 August 1969, 14 OBS units and all associuted auxiliary equip-
ment were tested and repaired as required. After surveying the available
vessels, the M/V SEA SCOPE was chartered for use during field operations.
Ship rigging was performed in Santa Barbara, California, between 29 August
and 5 September. A 12-1/2-ton crane used for launch and recovery was welded
to the aft deck, and a '"track' system to facilitate storing and moving the OBS
units was installed in the cargo hold. The shakedown cruise was conducted off

Santa Barbara from 6 to 8 September. Six OBS units were launched and re-

covered, and most of the auxiliary equipment was tested.

I-1 services group
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Initial thinking indicated that the OBS array should be deployed about 7 days
before the scheduled MILROW shot time and that a postshot recording period
of 2 weeks would be desirable. An extensive operational analysis revealed
that some urits in the array should be deployed as late as practical prior to
shot time in order to provide maximum time for potential shot delays and yet
obtain optimum record-time capacity on ali units. Consequently, array de-
ployment, illustrated in Figure I-1, began on 25 September 1969 and was com-
Fleted on 30 September 1969. Recovery operations were conducted between

16 October and 1 November; seven units were recovered by sonar recall, and

one unit was recovered by backup-clock release.

Originally, three major data-processing goals were specified:

e Prepare film seismograrns of all recorde’
data and analyze the seismograms for signal
arrivals

® Measure rates of occurrence of seismic ac-
tivity during the recording intcrval

e Use the OBS and USC&GS networks data to
determine hypocenter locations for associated
events within a 50-km radius of MILROW

Preparation of the film seismograms was a straightforward tape-playback
operation. Film-record analysis was performed by a staff of film aralysts
over a period of approximately 10 weeks. This phase of the work eventually
led to the preparation of a list containing associated®™ events of potential

interest.

* : i . . . .
Associated events are those signals which correlate by time of arrival at
two or more instruments in the combined OBS and USC&GS networks.
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Due to electronic failure of several units in the array, the distribution and
duration of the recorded OBS data fell short of expectation; data for all anal-
yses were derived from units 503, S05, S06, and S08 only. Therefore, it

was not feasible to determine from these data alone the rates of occurrence

of seismic activity which would be statistically significant or which would
materially change the results obtained by the USC&GS in their analysis efforts.
No further mention of this original analysis objective is made in this repo1t.
Hcwever, the raw data, as described later, will be supplied to p;-ojeci head-

quarters for archiving and possible future use.

The most significant work to be reported here is the evolution and final results
of a hypocenter-calculation sequence of data processing. This process, chron-
icled in this report, begins with analysis of the film seismograms and continues
through development of a crustal model combined with a hypocenter-calculation
program which permits an iterative solution of traveltime equations leading to

hypocenter location.

Approximately 2200 OBS unit-hours of data were analyzed for seismic activity.
About 4500 signals were timed, leading to over 250 associated events during
the recording period. Of the 250 associated events, 140 were selected for
processing through the hypocenter program. Events were selected on the
basis of their having a minimum of six recorded P or S phases and estimated

epicenters within approximat .iy 150 km of MILROW.

Results of the 140 hypocenter calculations are summarized as follows:

® 81 events produced a convergent solution

® 9 events were near convergence; a solution for
these events probably could be obtained by re-
laxing the constraint on the criteria for solution

1-4 services group
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® 13 events were out of range of the process (i.e.,
the distance was greater than 180 km from any
one observing station or the focal depth exceeded
the maximum allowable depth of 188 km)

® 37 events did not produce convergent solutions due
to timing inconsistencies in the signal arrivals, a
condition probably resu.ting from poor signal-to-
noise ratios on one or more instruments or from
failure to identify the arrivals properly (e.g., P
to S cornversion classified as pure P or pure S)

Equipment refurbishment was accomplished in Dallas, Texas. Each OBS unit
was thoroughly tested before being placed in storage. Every effort was made
to insure that all equipment could be placed in field operation with a minimuvwm

of lead time.

Particular attention was given to failure analysis, equipment evaluation, and
recommendations for equipment improvement. As a result of this effort, it

is felt that the percentage of units recovered and the amount of data recorded
could be significantly increased through a moderate engineering development

program.
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SECTION il
DATA ANALYSIS

2.1 GENERAL

Analysis of the Project MILROW OBS data developed along two broad fronts.

The first effort was systematic analysis of all film seismograms tu uiscern
all phase arrivals at each unit. Results of this procedure were tabulated in a
list of arrival times stated relative to individual unit clo king. This list of
times was subsequently corrected to Greenwich Civil Time (GCT). Using
these times and similar event times provided by the USC&GS for the land net-
work, a list of associated events was formed and computer-processed to pro-
duce a working document called an earthquake bulletin. Throughout the re-
mainder of the analysis, all ¢ rents which were subjected to further processing
came from this list. Details of the procedures just highlighted are described

later in this section.

The second major effort concerned the development of a hypocenter-calculation
capability. Two aspects of this development were initiated early in the pro-
gram: a computer program to calculate hypoc=nters was written and, coin-
cidental with the progamming effort, a crustal velocity model for local events
occurring in the vicinity of MILROW was derived. Ultimately, given the velo-
city model and unit arrival-time inputs, the program vas used to calculat~
hypocenters for relevant events. Model determination is discussed ir sub-

section 2. 3; hypocenter calculation is discussed in subsection 2. 4.

2.2 FILM SEISMOGRAM ANALYSIS

All data recorded on magnetic tape were transcribed on 16-mm film for rec-
ord analysis. Figure II-1 is an cxample showing the final 40 sec of 1 min of
a film seismogram. The trace grouping is pressure (P), vertical motion (V),
horizontal-1 motion (Hl)’ and horizontal-2 motion (HZ). Tape-recorder chan-

nel assignments are shown on the left-hand side.

II-1 services group
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Proceeding vertically down the film, each 4-trace gr duping increases in gain.
X10 and X100 symbolically denote split levels of recording. X10, for example,
indicates a 20-db gain over tl - X1-level trace grouping. The absolute gain

for a given measurement channel is determined by the operating gain used in

the field. The operating gains in db for the units analyzed are as follows:

Station Unit P \Y My H)
3 2} -18 -24 -24 -24
5 19 -18 -24 -24 -24
6 27 -24 -30 -30 -30
8 26 -18 -24 -24 -24

During transcription, there was no frequency filtering, but the X10 and X100
trace groups were attenuated 6 db and 18 db, respectively, to avoid trace-
overlapping on film. The X100 channel is rarely used because, except for
very low-level events in a very quiet background, the trace is usually over-

modulated causing severe distortion.

The lowest trace in Figure II-1 is the timing channel. The start of each second
is characterized by the downward excursion of the timing channel; 10-sec marks
occur at the downward excursion between twin-peak pulses approximately 0.3
sec apart. The minute mark is at the downward excursion of the first of two
pulses, the second of which is a twin-peak pulse. In the illustration, 20-, 30-,

40-, and 50-sec marks are indicated; the minute mark is identified by 60 sec.

The timing trace is coded during each minute to give the day (in the interval of
20 to 30 sec), the hour (in the interval of 30 to 40 sec), the minute ( in the in-
terval of 40 to 50 sec), and the unit clock-code identification (in the interval of
50 to 60 sec). The time code is a modified binary arrangement yielding the
desired numver when individual pulse-position weights are added. The weight
is added only if the pulse is positive. In Figure II-1, the values are written
below the second marks. The time indicated by the vertical line in the illustra-
tion is day 4, hour 4, minute 33, and second 37.8. From the table of unit clock

codes (Table II-1), the 50-, 54-, and 58-sec pulses indicate the unit to be 19.

II-3 services group




Table II-1
UNIT CLOCK-CODE ASSIGNMENTS
Station Unit Clock Station Clock Code
S03 21 21 52, 56
S05 19 19 50, 54, 58
S06 27 27 52, 53, 56, 57
S08 26 1 51

z.2.1

recovered. Table II-2 briefly describes the data quality as recorded by each

unit.

DATA QUALITY. Of the 10 OBS units deployed, eight were

An extensive engineering evaluation of ail system failures is included

in Section III of this report.

Table II-2
DATA DESCRIPTION

Unit

Description

S01
S02
S03

S04
S05
S06

S07

S08

S09
S10

Not recovered
No data; power failure

Data intermittently useful. Digital clock is readable 73 percent
of the time. Recorder amplitudes fluctuate, making reference
to ground motion impossible

Not recovered
Data quality generally excellent. Background noise was 1 to 3 Hz

Data quality good. Periods of high-amplituvde background noise
occur. Amplitude on the vertical component appeared abnormally
low. Background noise was 1 to 5 Hz

Data not useful for event association due to digital-clock
malfunction. Trace amplitudes fluctuate, making reference
to ground motion impossible

Data quality good. Periods of high-amplitude background noise
occur. Pressure channel shows large noise fluctuations.
Normal strong background noise is 1 Hz

No data; recorder malfunctioned

No data; recorder malfunctioned

.
tW‘ :
i >
&)
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2.2.2 TIMING CORRECTIONS. Timing corrections due to digital-
clock drift and/or displacement of the tape-recorder heads were determined.
Head misalignments can occur when the rec >rding heads are skewed with re-
spect to the direction of tape movement or when the two head banks are incor-
rectly spaced. In either case, the result is an apparent time difference from
~hannel to channel for an event. Corrections for head misalignment were de-
termined by using either the amplifier shutoff pulse or the daily calibration
pulse. All channels were reierenced to channel 12. It was assumed that no
correction was required between channel 12 and the clock channel (14) — a
reasonable assumption inasmuch as the two heads were physically close to-
gether; this assumption was necessary because the amplifier shutoff pulse was

not recorded on channel 14.

Figure II-2 is an example of head misalignment due to the recording heads
being skewed; note the time differences between the amplifier shutoff pulse
as recorded on each channel. In this example, the time difference between
the pulse on channels 2 and 13 (vertical lines) shows a relative displacement

of 0.3 sec.

Table II-3 lists the head-misalignment corrections for each unit; the maximum

correction for any channel was 0.4 sec.

At the time of prelaunch checkout, the digital clock of the OBS unit was reset
and referenced to GCT by a time-code generator traceable to WWV. Upon
recovery, the reference process was repeated. Digital-clock drift for each
unit was determined by comparing the prelaunch and‘ recovery references to
GCT. Corrections for clock drift werc made with the assumption that the
drift was linear over the recording period. Tatble II-3 also lists the clock

drift for each unit; individual clock drifts ranged from 0.7 tc -1.0 sec.
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o Table II-3
RESET TIMES, CLOCK DRIFTS, AND CHANNEL CORRECTIONS

Corrected Clock
Reset Time (GCT) Drift Fnd Times Drift
Station Unit Day Hr Min Sec Day H: Min Sec (sec)
3 21 29 20 07 16.6 17 04 19 146 0.1
5 19 27 05 00 0.4 17 13 43 00 -1.0
6 27 25 08 28 6.2 18 22 20 00 0.7
8 26 25 22 42 0.4 16 20 26 00 -0.4
L4
\
| Channel Head-Misalignment Corrections (sec)
Station| 1 2 3 4 5 6 7 8 9 10 11
3 0.30] 0.30] 0.20}0.20}1 0.30} 0.0 0.0]0.20§1 0.10] 6.30] 0.30
5 0.10] 0.0 0.1Cj 0.0 0.15]1 0.0 0.0/90.10] 0.0 0.05 1} 0.15
6 0.20} 0.10] 9.20]0.° 0.20f 0.10f 0.0 .20} 0.0 0.10(0.10
8 0.30| 0.30] 0.40]0.30;0.30| 0.0 : 0.0]0.20] 0.0 0.35] 0.30
[ ]
EXAMPLE LINEAR DRIFT CORRECTION FOR
STATION 5 CHANNEL 3
Raw "ime + Tlock Drift Correction + Channel Correction = Corrected Time
Da M~ Yr }r Min Sec Sec Sec Hr Min Sec
7 Oct !969 €9 21 30.0 + -0.5 + 0.1 = 09 <1 29.6

II-7 services group
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2.2.3 FILM ANALYSIS. The film seismograms were examined in a
3-pass operation. Each film strip was analyzed on each pass by a different
analyst to achieve quality control and redundancy. Arrival times were picked
for ail P and S phases discerned. The record-picking process is somewhat
subjective when determining signal-onset timme. Figure -3 illustrates the
difficulty for a small event near MILROW. The S phase is clearlv seen on

the horizontal instruments; however, the actual onset is emergent, and its
exact time is not clear. The P-arrival identification is even more difficult
and shows only as a subtle character change on the vertical-motion and pres-
sure traces. Under these circumstances, best estimates are picked for the

¥ and S arrivals. This estimate is thought to be accurate to 0.1 sec. In many
caces, tue P arrival cannot be timed at all because of poor signal-to-noise
ratios. Should a timing estimate be incorrect by more than a few tenths of a
second, a satisfactory hypocenter calculatﬁon using this arrival time usually
cannot be obtained. If the solution failed to converge or if traveltime residuals
seemed too high for a certain station, the data were rechecked. If no timing
eérror was apparent, it was concluded that the arrival was a false association
and should not be used in hypocenter calculation. The extent of data rejection

is described later,

After the third pass at the film, all arrival times were punched on cards.
These cards were processed through a timing-conversion program which ap-
plies head-alignment and clock-drift corrections and, using the clock reset
times, converts individual unit times to GCT time. An example of .the resul-

tant computer printout is shown in Table II-4,

A total of 2200 unit-hours of data was analyzed, yielding 4500 P or S arrivals.
Table II-5 shows the number of arrivals from each unit analyzed and the inter- 3
vals over which {he units were operative. The total computer output, of which
Table II-4 is an example, and its associated card deck have been supplied

separately to project headquarters for archiving.
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Table II-5
UNIT SUMMARY
No. of Pand S
Station On-Bottom Interval Arrivals Picked
3 9/30 0700Z — 10/17 0240Z 200
5 9/27 07102 — 10/17 12302 2055
6 9/26 01102 ~ 10/18 21352 1320
7 9/25 2255Z — 10/19 00152
8 9/26 0600Z ~ 10/16 18502 915

When the master list relating each unit's corrected arrival times to GCT times
had been compiled, all data were ordered chronologically by prime arrival.
Then, the OBS network data and USC&GS land network data were correlated
(time-associated). Isolated pPhases were discarded at this point. Since pre-
liminary hypocenters h.d been determined by USC&GS, origin times and hypo-
Center coordinates from the USC&GS list were used for the associated OBS
data which were processed into a Preliminary bulletin. An example page from
the bulletin is shown in Table II-6. A dctailed description of the prehmmary
bulletin is found in Appendix A. The bulletin itself contains approximately 250
associated events and has been furmshc_ad under separate cover. This bulletin

formed the data base for hypocenter-location refinement discussed in sub-

section 2. 4.

2.3 MODEL DETERMINATION

A good model of the velocity structure of the local crust is essential to accu-
rate hypocenter calculations using the OBS and USC&GS seismic network data.
Once this velocity structure is defined, traveltime tables for P and S waves as

a function of distance and focal depth can be calculated for input to the hypo-

center-calculation computer program.

II-11 services group




DAY

26

26

26

26
26

26

26

26

26

26

27

27

27

SEPT

SEPT

SEPT

SEPT
SEPT

SEPT

SEPT

SEPT

SEPT

SEPT

SEPT

SEPT

SEPT

STA

02 18

S6

11

S8
S6

19

S8

S6

20

S6

01

S8

S6

Table II-6

SAMPLE PAGE FROM PRELIMINARY BULLETIN

PHASE

07.5

EP
ES

EP
EP

00.5

EP
ES
EP
ES

06.0

42 51.6

+IP

ES
EP
€
E(S)

C TIME

50.96N 178.20W
H =

4 2 18 4C.8
X 19 4.4

60.12N 152.99W
H =

P 11 29 18.0
2 11 29 19.6

S1.49N 178.54E
H =

19 36 4.9
13.8
19 36 16.8
29.3

XX U X O

52.91N 166.99W

H =
P 20 51 10.0
X 17.9
X 25%.2

50.86N 179.24W
H =

1 43 8.6
21.3
1 43 15.7
16.8
36.4

XX 0V MN XN

DIST AZl
1.88 2917
1.88 297

17.63 252

17.59 254
0.67 100
0.67 100
0.46 49
0.46 49
8.59 268
8.59 268
8.59 268
0.90 305
0.90 305
1.40 312
1.40 313
1.40 313
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Data available for inclusion in this analysis consisted of the following:

® Measured traveltimes from the MILROW event
re_.orded at OBS and local land stations

® Measured traveltime data in the vicinity of
Amchitka from 5-ton explosions recorded a:
OBS and land stations during the 1967 OBS
Aleutian Islands Experiment

® An interval velocity log from the LONGSHOT
borehole

Station information 1; listed in Table II-7, and explosion information is listed

in Table II-8.

Data in the distance range of 0 to 180 km were used to derive the crustal re-
fractors (velocities and depths). Data in the distance range of 185 to 550 km
are included in the tables and traveltime plots for the purpose of discussion

onlvy and were not used in the model calculations for the following reasons:

® The model derived was for application in tbe
immediate vicinity of Amchitka (about 50-km
radius), and crustal information derived from
traveltimes to USC&GS stations ADA, SMY,
and ATK is representative of the average
structure at these station sites

® Accurate Moho depth and velocity across
Amchitka was previously determined using
arrays of 5-ton calibration explosions and
OBS arraysz' 3

Above the Moho, there remains some uncertainty about the near-regional dip
of the shallow refractors. A plane layer model would not be adequate on a
550-km scale; however, inside 180 km, the model chosen is in effect a plane-
layered section of the regional model, and each layer represents an average
depth. The increased computational difficulty of hypocenter location usirng a
dipping model does not seem justified or consistent with the amount of arrival-

time data available for hypocenter location.
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Table 1I-7

STATION INFORMATION

Elevation — Positive

Lecatioh Below Sea Level
Station Latitude Longitude (km)
S03 50°59'00"N 179°21'30"E 3.317
0 3 g ) o
m3 gls0s 51°19'00"N 178°27'30"E 1.234
="
e R
S 3 8] so6 51°46'30"'N 179°6'30"E 0.859
o z ¢
el
S08 51°22'00"N 179°35'42"E 1.408
S01 51°25'12"N 178°45'00"E 0.342
. ‘_
§7Q .|S02 51°16'24"N 178°32'00"E 1.436
£ o
T & <|s23 51°41'00"'N 179°09'30"E 0.841
Q-m o]
x L
B | s25 52°02'50"N ‘179°23'54"E 0.185
02
RZ O
093 %|apa 51°51'48"N 176°39'18"W -0.1
5e5
o= | ATK 52°12'07"N 174°12'42"W -0.1
SMY 52°43'47"N 174°6'33"E -0.1
- | ASB 51°21'38"N 179°14's1"E -0.031
z 3
o S| Asc 51°27'47"N 179°9'30"E -0. 024
g4
3
- S| ANB 51°36'22"N 178°48'41"E -0.351
2]
6] ~
C 2| ss1 51°54'52"'N 179°37'26"E -0.265
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Since the shots and receivers used in this study were not located on the same

plane, the data were reduced to a common plane set at sea level for interpre-
tive purposes in the model calculation and subsequent hypocenter calculations.
Refracior depths computed from intercept times, as well as hypocenters, are
then the depths below sea level. The method of reference-plane correction is

shown in Figure II-4. The method reduces the raw traveltimes to traveltimes

below a reference plane by stripping off (or adding on when the plane is above
the station or shot) the time from shot to reference plane and station to ref-

l erence planc. The technique was presented in detail in a previous report2 and
| is not reiterated here. Two of the shots used in the analysis (MILROW and
LONGSHOT) were underground and, of course, have no water path involved

in the reference-plane correction scheme. The correction in that case was
properly made by simply setting the parameter dws (Figure II-4) equal to ds
in the program which calculates the corrections, thereby causing a water-path

correction of 0 for -t1 + t2 for those two shots.

All data were processed through the correction program using velocities de-
termined from previous work in the area, 8 and traveltime plots were generated.
After examining the p;lots and running line fits, the data were separated into
three groups on the basis of apparent velocity, and the raw data were recycled
through the correction program using the measured apparent velocities.

i
Correction parameters for the three groups are as follows:

v Yoa  Van Va. RP bpP VRED
(km/sec) (km/sec) (km/sec) (km/sec) (km) (km) (km/sec)
Shallow Pg 1.5 3.6 5.0 5.2 0.0 -2.0 8.0
arrivals
Pg arrivals 1.5 3.6 5.0 6.8 0.0 -2.0 8.0
Pn arrivals 1.5 3.6 5.0 8.1 0.0 -2.0 8.0
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The correction variables are defined as

V1 =. water velocity .3
VZA = layer velocity (low) n |
| V,g = layer velocity (high) ¢
Vn = refractor velocity r
RP = reference-plane depth .
DP = decision-plane depth
VRED = velo.city used to compute reduced traveltime
i ] tR, i.e., ~
1 tR = t- VA 4
RED
t = traveltime corrected to RP
A = distance in kilometers

CalComp plots of the raw, corrected, and reduced times were made and are
presented in Figures II-5 through II-7. Table II-9 gives the raw, corrected,

and reduced traveltimes and the distance for each shot/station pair.

Shown in Figure I[-7 are velocity lines of 8.1 km/sec fitted through the data
recovded at ADA, SMY, and ATK. The velocity line shown at the top of the
figure represents the Moho refractor used in the final crustal model. That
line passes closely through the ATK data points, indicating comparable average

structure at Amchitka and ATK.

The velocity lines through SMY and ADA data points show smaller intercept
times which are indicative of a thinner crust or a higher average crustal veloc-
ity at those sites, provided that the Moho refractor velocity remains constant

over this area.

The Moho refractor velocity and depth used in the finil model were taken from {1
a previous study2 and are applicable in the area of interest, which is roughly a i
circle of 50-km radius centered on Amchitka Island. ﬁ
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Also shown in Figure I[-7 is a velocity line of 5.2 km/sec. Two stations,

S03, and SSI, deviate from the line and were not included in the least-squares
line fit for the shallow Pg refractor. For station S03, the shot depth was

about 1.2 km, and the station depth was 3.3 km. The refractor interface was
1.5 km; consequently, the ray path from shot to receiver could not be refracted
along that interface and was therefore a direct arrival, as illustrated in Figure
II-8. A sirple calculation (horizontal distance/raw traveltime) yields a ve-
locity of about 5.5 km/sec, which is consistent with a propagation path almost

entirely in the shallow Pg layer of the final model.

The traveltime from MILROW to SSI was 1 sec early in relation to other shot/
station pairs with comparable distances. Since the time was not consistent
with the other data and without recourse to the recordings, no decision can be
made regarding validity of the point. It could represent a simple timing error,
or — less probable — a station-location error of 5 km would account for 1 sec
of traveltime in the refractor. It could actually indicate a higher velocity in
that azimuth; however, additional data in that direction would necessarily have
to be obtained to verify that possibility. It is shown later, however, that SSI
data yielded consistent results using the derived model for hypocenters both ‘
inside and outside the combined land and OBS network. Moreover, examina-
tion of the associated events shows that SSI consistently had difficulty — during
the recording period at least — recording events in the vicinity of the MILROW

site.

SEA LEVEL I
1.2 Km T

.6
V=l.5Km/sec Vs Km/sec

SHALLOW
P' REFRACTOR

V =5.2 Km/sec

S03

Figure Il 8. Diagramatic Ray Path from MILROW to
Station S03 (Vertical Scale Exaggerated)
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Next, least-square line fits were calculated for the shallow Pg and the Pg re-
fractor. FiguresII-9, II-10, and II-11 show raw, corrected, and reduced
traveltimes of the data used in the line fits. A comparison of the raw and cor-
rected traveltime plots show the effect of the reference-plane correction in
reducing the scatter of the points due to differing receiver el evations and shot
depths and the removal of the low-velocity water leg for those shots in water.
In addition, the standard deviation of each set of points is reduced. The fol-
lowing are standard deviations of line fits to raw and corrected times for the

two sets of points.

Raw Corrected
Refractor (sec) (sec)
Shallow Pg 0. 36 0.21
Pg 0.62 0.14

These line fits were obtained:

~

e Shallow Pg — slope = 0.1937
velocity = 5.16 km/sec
intercept = 0.59 sec

e Pg — slope = 0.1470 -
velocity = 6.80 km/sec
intercept = 3.80 sec

The line fits and points used are shown on the reduced traveltime plot in Fig-
ure II-11. Calculation of the depth of the first refracting interface (shallow Pg)
requires a knowledge of the layer velocity above the refractor. A published
interval velocity log from the LONGSHOT borehole was obtained. The log

was integrated, yielding a velocity of 3.4 km/sec which is the average velocity
from the surface to a depth of about 0.8 km. Using the velocity gradient of the
log, the calculated average velocity from the surface to the MILROW shot dcpth
was about 3.6 km/sec, which was taken as the velocity for the first layer.
Next, the model was calculated from the velocities and intercept times using

standard refraction methods which assume plane constant-velocity layering.
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